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[57] ABSTRACT 

The invention provides a method and apparatus for embed- 
ding a real-time multi -tasking kernel in a non-real-time 
operating system. Through encapsulating a real-time kernel 
into the interrupt handling environment of a non-real-time 
graphical user interface, such as Windows®, the method of 
the present invention allows for an entire real-time environ- 
ment to be supported within the graphical user interface. The 
scheduler of the real-time kernel supports multiple threads 
of execution all running at higher priority than the graphical 
user interface tasks. By using synchronization mechanisms 
of the graphical user interface, eg. VxD events in enhanced 
mode Windows®, the real-time tasks are able to make use of 
system services of the graphical user interface. 

36 Claims, 3 Drawhng Sheets 
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1 2 
EMBEDDING A REAL-TIME MULTI- time operating system. Through encapsulating a real-time 

TASKING KERNEL IN A NON-REAL-TIME kernel into the interrupt handling environment of a non-real- 

OPERATING SYSTEM time graphical user interface, such as Windows®, the 

method of the present invention allows for an entire real- 

BACKGROUND OF THE INVENTION 5 time environment to be supported within the graphical user 

1. Held of the Invention interface. The scheduler of the real-time kernel supports 

multiple flirt ndf of execution all running at higher priority 
The present invention relates to the field of real-time than the graphical user interface tasks. By using symfconi- 
multi-tasking. More particularly, the present invention ution mechanisms of the graphical user interfaoe/e.g. VxD 
relates to a method and apparatus for embedding a real-time 10 events in enhanced mode Windows*), the real-time tasks are 
multi-tasking kernel in a non-rcal-irme operating system. abk 

to make use of system services of the graphical user 

2. Background of the Invention interface. 

Video conferencing and personal computer (PC) applica- The method and apparatus of me present invention allows 
tions which deal with c ommun i cati ons and natural data real-time programming with support for the presentation of 
types, ie.. audio and video data, require real-time interrupt 15 natural data types, without allowing other operations to 
handling and task scheduling. The user will hear clicks and disrupt the delivery and playback of the audio and video 
pops torn audio data output and see mo d u l a ti n g or jerky data. The method and apparatus of the present invention is 
video cutout if there is a delay in the capture or playback of also applicable in communications, 
audio or video data. Furthermore, playback of audio and 

video data must be synchronized with each other to appear 20 BRIEF DESCRIPTION OF THE DRAWINGS 
n atu ral r 

FIG. 1 flhMnte. the re*Mime procuring of lutoridt. ™f 1 I™**** * 

types. Natural data types require real-time response for 

presentation and capture. The audio and video data must be ™°- 2 programming environments in Windows*, 
transmitted to and from external output devices In a timely 25 FIG. 3 illustrates real-time interrupt handling and task 
manner In step 14, dam from an audio/video file on < Mfk is nrheduling in a VxD environment. 

read to a memory buffer. The memory buffer is then trans- 

ferredtoapUybackoeWcebyanmterrurx DETAILED DESCRIPTION OF THE 

step 12. in response to hardware interrupts by tbe playback INVENTION 

device. 30 Apparatus and methods for «t»h»Atii»g a real-time mufti- 

In step 14, the interrupt service routine signals tbe task to tasking kernel In a non-real-time operating system are 
refill the memory buffer, as data in the memory are trans- disclosed. The present invention utilizes the VxD covirao- 
fened to the playback device. In step 16, the task reads more ment in Windows® to provide real-time interrupt K*nHHng 
data from the audio/video file on disk. IT mere is excessive and task scheduling for personal computer applications 
delay in the data transfer from the memory buffer to the dealing with communications and natural dam types, 
playback device or from disk to the memory buffer, a FH}. 2 illustrates a Windows® VxD rxognunming envi- 
aoticeabJe dick or a pop in the playback of the audio/video nasDCUt „ » embodiment of the present invention, 

data is produced. Such delay is called interrupt andVor a task CPU 19 of computer IS controls the operations of : system 
latency. Interrupt latency is the delay between a hardware virtual machine 29. a set of DOS virtual machines 24. virtual 
mterrupt signal and the execution of the first instruction of * machine manager (VMM) 26, and a set of virtual device 
an interrupt handler. Task btency is the delay between a drivers (VxDs) 28. Windows* applications 22, including 
highest priority task becoming ready for execution and dynamic link libraries execute in system virtual machine 20. 
actually beginning execution. u ^ system virtual machine environment, applications are 

In many graphic user interface environments, e.g. Win- 4J aehfediriad in a cooperative multi-ta&Hng imbw rVriniff of 
dows$ (Windows® is a registered trademark of Microsoft the cooperative nature of the scheduling m^nwm re*}. 
Corporation of Redmond, Wash.), if audio or video playback time response cannot be guaranteed for any given applica- 
aloneis being executed, a system processing the natural data tion. 

types wfll produce a smooth playback output However, In contrast, DOS virtual machines 24, and system virtual 
other operations being performed on a system processing the M mj^hice 2S) in it's entirety, are scheduled preemptively by 
natural data types, such as spreadsheet and networking enhanced mode VMM 26. Although the scheduling of 
activities, as well as transmission of electronic mail virtual machines is preemptive, VMM 26 emphasizes user 
(E-mail), can disrupt the scheduling of the audio and video responsiveness, rather than the real-time response require- 
piayback. Such disruptions may cause the audio and video mco ts of particular virtual machines. As a result, the DOS 
playback to inanifest pops, dicks anoVor jerky video output J5 virtual machine environment 24 does not provide satisfac- 
uaddrtion,pUybackofbcmaudfo^ tory real-time response for natural data type processing, 

produce an unnatural output due to lack of synchronization although it does provide better response than the cooperative 
of the natural data types. eirvironment in which Windows* applicatioas are sched- 

h is desirable to have a method and apparatus for allowing tiled, 
real-time rrogramming wim support for the presentation of tc The virtual device driver (VxD) environment of 
natural data types, without allowing other operations to Windows®, supported by VMM 26. provides sufficient 
disrupt the delivery and playback of the audio and video iatczrupt response for cominuoicatioos aad natural data type 
Q * ta * processing. VxDs are thirty-two bit dynamic hnk libraries 

SUMMARY OF THB INVENTION „ running at the most p^ level (ring •) of CPU 1* The 

63 VxD environment, however, is totally uterrupt-driven. 

The invention provides a method and apparatus for There is no notion of tasks or task scheduling in mis 
embedding a real-time multi-tasking kernel in a non-real- environment. Because of this, the standard VxD environ* 
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meat is very difficult to use for communications natural data arc executing. Id particular it represents the time when KT 
type processing. The present invention presents a method for interrupt handlers 32 are noting, 
rmhedding a real-time schrrfnlrr into a VxD. in order to Normally, the system will be executing within a virtual 
provide real-time multi-tasking for communication and machine, cither a DOS VM or the system virtual m^<h> 
natural data type applications, j VMM 26 schedules virtual machines, and the Windows*) 

The method of the present inventioo for supporting real- kernel schedules Windows*? applications within the system 
time multi-tasking consists of VxD 28, containing real-time VM, all without any knowledge of RT scheduler 30. RT 
scheduler (RT scheduler) 30. application specific interrupt scheduler 30 remains inactive, with its state imtwung that 
handlers 32, real-time tasks (KT Tasks) 34. event 36, and the idle task is running and all other RT task 34 are asleep. 
VxD initialization code 38. One of the real-time tasks, 10 At some point an interrupt occurs which causes the 
referred to as an idle task, is dedicated to context switching processor to switch to VxD interrupt mode 6+ and execute 
between Windows® and real-time VxD, and has the lowest rt interrupt handler 32. For the example application it is 
priority of any task scheduled by real-time scheduler 30. assumed that the hardware interrupt handler servicing the 

A real-time scheduler 30 for use in the present invention audio/video device is invoked. (Operation is identical for the 
has three capabilities. First, it is capable of scheduling tasks 15 case of a software interrupt from a Windows® application.) 
preemptively by priority. Secondly, the real-time scheduler As part of servicing the interrupt, RT interrupt handler 32 
30 allows interrupt handlers 32 to make real-time tasks 34 may need to wake up its associated task. For example, the 
ready for execution without preemption occurring (i.e.. it audio/video device may have completed filling a buffer with 
supports a scheduling lock). Thirdly, the real-time scheduler data which the task needs to process. To signal RT task 34, 
30 allows the scheduling lock to be released causing any 20 KT interrupt handler 32: 1) locks srtirdnUng to prevent KT 
high priority, ready real-time tasks to preempt the current scheduler 30 from switching tasks; 2) wakes up me RT task; 
process. 3) schedul e s execution of KT event 36 with the virtual 

Initialization of this environment proceeds as follows: machine manager, and 4) return. Since scheduling is locked, 
VxD initialization code 38 is invoked by VMM 26 during *** «*«taler 30 will not switch tasks, even though the 
«yrti-m inirimiiT^ nn TSi< initi^H^ri r.n r«*v ** inw.y~ thf 25 a^ly-»wakened real-time task is higher priority than the 
initialization entry point cf RT scheduler 30. In response. RT (currarty-exeorting) idle task. 

scheduler 30 creates an idle task and associates the context Upon returning, VMM 26 gains control It invokes RT 
of the calling thread with the idle task. RT scheduler 30 then went handler 36 as soon as it is safe to do so. If the interrupt 
returns to VxD initialization code 38. At this point there is „ occurred while the system was in VM mode 40 or VxD 
a single task, (he idle task, within the real-time environment. event mode 50, the event will be executed immediately. If 

Initialization code 38 may then create other, application- the interrupt occurred wMletbe system was in VxD interrupt 
specific tasks. For example, iaitialization code 38 may create modc *+* invocation** me newly scheduled event is delayed 
a task to perform capture or playback of audic/video. until the system is ready to leave VxD interrupt modc 60. 
Because such application-specific tasks are higher priority 35 Whenever RT event 36 is executed, st unlocks the sched^ 
than the idle task, scheduler 30 will preempt me idle task in uling lock. This cause* RF scheduler 30 to preempt the idle 
order to execute another task as soon as it is created. Each task and execute RT task 34 previously awakened by RT 
application-specific task performs initialization of its appli- interrupt handler 32. RT task 34 will perform whatever 
cation when it starts. The example task might i«ita*ii>^ its processing is appropriate. In the example* it would process 
•itHfryVj^ /Uvjr* inr-i»A> g ,'nc*«iii W g frf ^t^rr* h""*W 40 the audio/video data captured by the audio/video device. As 
32. to service the device. The example task might also install part of its execution; RT task 34 may awaken other RT tasks 
another RT intarupt handler to service software interrupts. 34 causing mem to execute in tun. Eventually, all RT tasks 
generated by Windows® applications wishing to communi- 34 complete their processing, and thus block waiting for 
cate with the appUcation-speciflc task. Eventually, each another signal to trigger their execution. At this point the idle 
application specific task will complete initialization, and 4S task regains control. Hie idle task was executing the event 
block. Far instance, the example application would block handler at the time it was preempted. It returns to VMM 26. 
waiting for the audio/video device to complete an operation completing the execution of the event VMM 26 returns the 
or for a Windows® application to ccanmunicate with the system to VM mode 40 to resume normal system operation, 
task. When all apc4ication-specinc tasks complete execution This completes the cycle. Windows^ schedulers 41 are 
and block, the idle task will again be executed. Tht idle task jq back in control all RT tasks 34 are blocked, and RT 
executes VxD initialization code 38, which then returns to scheduler 30 believes the idle task is executing. Another 
VMM 26. At this point the entire real-time environment 28, interrupt starts the cycle all over again. It is dear that the 
including all its tasks has inttialirnd VMM 26 may now implementation detail is readily apparent to one skilled in 
complete initialization of the rest of the system, allowing the the art based upon the detailed and operational description 
cotryuter to begin normal operation. 53 herein. 

FIG. 3 illustrates the sequence of events for the present An important property of the present invention is that RT 
invention during normal system operation. References will tasks execute in VxD event mode. Because event mode has 
be made to elements described in FIG. 2. Virtual Machine precedence over all Windows* applications and DOS vir- 
(VM) mode 40 represents the phase of system operation tual machines, RT tasks are free of the scheduling problems 
when virtual inachincs are executing. VM mode 40 includes 60 caused by them. On the other hand, programs in event mode 
the execution of both DOS virtual machines 24 and system are free to take advantage of all services provided by the 
virtual machine 22. in which Windows^ applications VMM Thus RT tasks in this invention are not subject to the 
execute. VxD event modc 50 represents the phase of system substantial restrictions placed on VxD intemipt mode, 
operation when the VMM 26 executes events. In particular. What has been described is a method and apparatus for 
VxD event mode 50 represents the time when RT event 34 63 *mh»A«tig a real-time multi- tasking kernel in a non-real- 
is executing. VxD interrupt mode 60 represents the phase of time operating system Through use of the VxD program- 
system operation when VMM 26 or VxD interrupt handlers ming environment, the present invention supports real time 



12/14/2001, EAST Version: 1.03.0001 



5,721,922 



fcfhirtuHiifl of real-time tasks involving the processing of 
communications and natural data types. 

While certain exemplary embodiments have been 
described in detail and shown in the accompanying 
drawings, it is to be understood that such embodiments are 
merely illustrative of and not restrictive on the broad 
invention, and that this invention not be limited to me 
specific arrangements and constructions shown and 
described, since various other modifications may occur to 
those ordinarily skilled in the art 

What is claimed is: 

1. A method for processing natural data type information, 
including audio and video data, without allowing other 
operations from preempting said processing until said pro- 
cessing is completed, said method comprising the steps of: 
invoking a real-time interrupt handler in a VxD interrupt 
mode of a VxD environment in response to a signal 
received indicating that natural data type information 
are to be processed; 
r««hHng * real-time scheduler rmhrxWd in said VxD 
environment while a plurality of real-time tasks for 
processing said natural data type information arc 
invoked by said real-time interrupt handler, said plu- 
rality of real-time tasks being invoked for execution in 
a VxD event mode of said VxD environment by said 
real-time scheduler when said real-time vhednlffr is 
enabled; 

scheduling a real-time event for enabling said disa b led 
real-time scheduler, and 

executing said plurality of real-time tasks for processing 
said natural data type information, said executing being 
performed by said enabled real-time scheduler in said 
VxD event mode. 

X The method of claim 1 further cctxmrising the steps of: 

creating real-time tasks to handle commiuiication or natu- 
ral data types captured ox processed for a playback; and 

scheduling said read-time tasks, said srhfdullng per- 
formed by said real-time scheduler in said VxD envi- 
ronment 

3. The method of claim 1 further comprising the step of 
causing a processor to switch from executing in a virtual 
machine to a VxD interrupt mode, said step p er f ormed by a 
virtual machine manager. 

4. The method of claim 1 wherein said signal comprises 
a hardware interrupt indicating an audio/video capture. 

5. Hie method of claim 1 wherein said signal comprises 
a graphic user interface application call to indicate an 
audio/video playback. 



processing rescheduling to cause all ready real-time tasks 
to be executed over lower priority idle task. 

8. The method of claim 4 wherein said step of entering 
VxD event mode further comprises the steps of: 

unlocking said schnhiling lock; 
preempting said idle task; and 

**~»*irfg said real-time tasks made ready by said VxD 
interrupt handler. 

9. An apparatus for processing natural data type 
information, iwHivtitig audio and video data, without allow- 
ing other operations from preempting said processing until 
said processing is completed, said apparatus comprising: 

a real-time interrupt handler for disabling a real-time 
scheduler from executing a plurality of real-time tasks 
in a VxD interrupt mode of a VxD environment while 
said real-time interrupt handler invokes said plurality of 
real-time tasks, said plurality of real-time tasks being 
invoked for execution in a VxD event mode of said 
VxD environment, said real-time interrupt handler 
invoked in response to a signal received indicating that 
natural data type information are to be processed, said 
signal interrupting normal processing in a virtual 
machine mode and switching to processing in said VxD 
interrupt mode; 
said plurality of real-time tasks for processing said natural 
data type information, said plurality of real-time tasks 
being invoked in .said VxD interrupt mode by said 
real-time intenupt handier and coupled to said real- 
time interrupt handler, 
a real-time event fat enabling said disabled real-time 
scheduler for executing said plurality of real-time tasks 
in a VxD event mode -of said VxD environment, said 
realrtime event; coupled to said plurality of real-time 
tasks; and > ■ . . 
said real-time scheduler for executing said plurality of 
real-time tasks in said VxD event mode when enabled, 
said real-time scheduler coupled to said real-time 
event 

It. The apparatus of claim 9 further comprising a virtual 
40 machine manager for causing a processor to switch from 
executing in a virtual machine to a VxD interrupt mode. 

11. The apparatus of claim 1# further comprising a 
hardware interrupt for indicating an audio/video capture, 
signaling said virtual machine manager to cause said pro- 
cessor to switch from executing in said virtual ixiachine 
mode to said VxD mterrupt mode. 

1Z The apparatus of claim It further comprising a 
graphic user interface appltcatioa call for indicating an 
audio/video playback, signaling said virtual machine man- 
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6. The method of claim 3 further comprising the steps of: 50 ager to cause said processor to switch from executing in said 



entering said VxD environment; 

executing a real-time interrupt handler in said VxD envi- 
ronment in a VxD interrupt mode; 

entering VxD event mode and executing said real-time 
event; and 

returning to said virtual m»rMw* manager and resuming 

normal operation in said virtual machine. 
7. The method of daim 6 wherein said step of rirrnting 
said real-time interrupt handler further comprises the steps 

of: 

calling said real-time interna* handler, 

enabling a scheduling lock to prevent said real-time 

scheduler from switching tasks; 
scheduling said real-time event with said virtual machine 

manager to process said real-time tasks in said VxD 

event mode; and 



virtual machine mode to said VxD interrupt mode. 

13. The apparatus of daim It further rnm P r '*' n g a 
real-time interrupt h^nHW- foj calling said real-time task 
enabling a scheduling lock to prevent said real-time sched- 

55 tiler from switching tasks, scheduling said real-time event 
with said virtual machine manager to process said real-time 
tasks in said VxD event mode, making said real-time tasks 
ready for executiotwand processing rescheduling to cause all 
ready real-time tasks, to be executed over lower priority idle 

60 task. 

14. The apparatus of claim 10 wherein, said virtual 
machine manager invokes VxD event mode for unlocking 
said scheduling lock, preempting said idle task, and execut- 
ing said real-time tasks called by said real-time interrupt 

65 handler. 

15. An apparatus for processing natural data type 
information, including audio and video data, without allow- 
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ing other operations from jrrmyCing said processing until 
said processing is cornrictecL said apparatus comprising: 
means for disabling execution of a plurality of real-time 
tasks in a VxD interrupt mode in a VxD environment 
while said means for disabling is invoking said plural- 
ity of real-time tasks, said plurality of real-time tasks 
being invoked for execution in a VxD event mode in 
said VxD environment, said means for disabling 
invoked in response to s signal received indicating that 
natural data type information are to be processed, said 
signal interrupting normal processing in a virtual 
machine mode and switching to procmrng in said VxD 
interrupt mode; 
said plurality of real-time tasks for processing said natural 
data type information and coupled to said means for 



10 



15 



a real-time event for enabling said disabled execution of 
said plurality of real-time tasks; and 

means for executing said plurality of real-time tasks in 
said VxD event mode when said execution of said 
plurality of real-time tasks is enabled by said real-time 
event, said means for executing coupled to said real- 
time event 

16. The apparatus of claim 15 further comprising: 
means for creating real-time to h*«Hi» communica- 
tion or natural data types captured or processed for a 
playback; and 

means for scheduling said real-time tasks, said scheduling 
performed by sad real-time scheduler in said VxD 
environment. 

17. The apparatus of daim 15 further comprising means 
for causing a processor to switch from executing in a virtual 
machine to a VxD interrupt mode, said means performed by 
a virtual machine manager. 

IS, The apparatus of daim 15 wherein said signal com- 
prises a hardware interrupt to indicate an audio/video cap- 
ture. 

19. The apparatus of daim 15 wherein said signal com- 
prises a graphic user interface application call to indicate an 
audio/video pUyback. 

20. The apparatus of daim 17 further comprising: 
means for entering said VxD environment; 

means for nrnrting a real-time interrupt handler in said 
VxD environment in a VxD interrupt mode; 

means for entering VxD event mode and executing said 
real-time event; and 

means for returning to virtual machine manager and 
resuming normal operation in said virtual machine. 

21. The apparatus of claim 20 wherein means for execut- 
ing a real-time uteorupt handier further comprises: 

means for calling said real-time interrupt handler; 
means for enabling a sftVrinting Jock to prevent said 

real-time srhcrfiilrr from switching tasks; 
means for srhrdiiHng said real-time event with a virtual 

machine manager to process said real-time tasks in said 

VxD event mode; and 
means far processing rescheduling to cause all ready 

real-time tasks to be executed over currently executing 

idle task. 

21 The apparatus of claim 20 wherein means for entering 
VxD event mode further comprises: 
means for unlocking said scheduling lock, preempting 

said idle task; and $3 
means for executing said real-time tasks made ready by 

said real-time interrupt handler. 
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23. A cosnpotcr system for processing natural data type 
information, including audio and video data, without allow- 
ing other operations from raxempting said processing until 
said processing is completed, said system comprising: 

a storage element inrSmKiig 
a real-time interrupt handler for diiMing a real-time 
scheduler from executing a plurality of real-time 
tasks in a VxD interrupt mode of a VxD environment 
while said real-time interrupt handler invokes said 
f^urahty of real-time tasks, said plurality of real-time 
tasks being invoked for execution in a VxD event 
mode of said VxD environment, said real-time inter- 
rupt handler invoked in response to a signal received 
indicating that natural data type information are to be 
processed, said signal interrupting normal process- 
ing in a virtual machine mode and switching to 
processing in said VxD interrupt mode, 
said plurality of real-time tasks for processing said 
natural data type iiif conation, said plurality of real- 
time tasks being invoked in said VxD interrupt mode 
by said real-time interrupt handler and coupled to 
said real-time interrupt handler, 
a real-time event for enabling said disabled real-time 
scheduler for executing said plurality of real-time 
tasks in a,,, VxD .event mode of said VxD 
environment, said real-tune event coupled to said 
plurality of real-time tasks, and 
said real-time scheduler for executing said plurality of 
real-time. tasks in said VxD event mode. when 
enabled, said, real-time, scheduler coupled to said 
real-time event;-and 
a processor (or driving said real-time interrupt handler 
and said rea>titne scheduler. 

24. The system of claim 23,further comprising a virtual 
machine manager for causing. a processor to switch from 
executing in a virtual machine lo a VxD interrupt mode. 

25. The system of claim 24 further comprising a hardware 
interrupt for foHt^Hwg an audio/video capture, signaling 
said virtual martrinr manager to cause said processor to 
switch from executing in said virtual machine mode to said 
VxD interrupt mode. 

26. The system of claim 24 further oornprising a graphic 
user iiitermce application call for indicating an audio/video 
playback, signaling said virtual machine manager to cause 
said processor to switch from executing in said virtual 
machine mode to said VxD interrupt mode. 

27. The system of claim 24 further comrnising a real-time 
interrupt handler for calling said real-time task, enabling a 
scheduling lock to prevent said real-time scheduler from 
switching tasks, scheduling said real-time event with a 
virtual machine manager to process said real-time tasks in 
said VxD event mode, nuking said real-time tasks ready for 
execution, and processing rescheduling to cause all ready 
real-time tasks to be executed over lower priority idle task. 

28. The system of claim 24 wherein said virtual machine 
manager invokes VxD event mode for onlocking said sched- 
uling lock, preempting said idle task, and executing said 
real-time tasks called, by said VxD interrupt handler, 

29. An system for processing natural data type 
information, including audio and video data, without allow- 
ing other operations from preempting said processing until 
said processing is completed, said system comprising: 

means for storing, 
means for disabling execution of a plurality of real-time 
tasks in a VxD interrupt mode in a VxD environment 
while said means for disabling is invoking said 
plurality of real-time tasks, said plurality of real-time 
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talks being invoked for execution in a VxD event 
mode in said VxD environment, said means for 
H lighting invoked In response to a signal received 
Indicating that natural dau type infoxmatioo are to be 
processed, said signal interrupting normal process- 
ing in a virtual inacfaine mode and switching to 
processing in said VxD interrupt mode, 
said plurality of real-time tasks for processing said 
natural data type information and coupled to said 
means for disaNiog. 
a real-time event for enabling said disahlrd execution 

of said plurality of real-time tasks, and 
means for executing said plurality of real-time tasks in 
said VxD event mode when said execution of said 
plurality of real-time tasks is enabled by said real- 
time event, said means for executing coupled to said 
real-time event; and 
means for processing said means for disabling and said 

means for executing. 
3*. The system of claim 29 further comprising: 
means for creating real-time tasks to handle communica- 
tion or natural data types captured or processed for a 
playback; and 

means for scheduling said real-time tasks, said scheduling 
performed by said real-time scheduler in said VxD 
environment 

31. The system of claim 29 further comprising means for 
causing a processor to switch from executing in a virtual 
m»rhin* to a VxD interrupt mode, said means performed by 
a virtual machine manager. 

32. The system of claim 31 further comprising means for 
performing a hardware interrupt to Indicate an audio/video 
capture. 
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33. The system of claim 31 further comprising means for 
performing a graphic user interface application call to indi- 
cate an audio/video playback. 
34 The system of daim 31 further comprising: 
means for eotoring said VxD environment; 
means for executing a real-time interrupt handler ia said 

VxD environment in a VxD interrupt mode; 
means for entering VxD event mode and executing said 

real-time event; and 
means for returning to said virtual machine manager and 

resuming normal operation in said virtual machine. 

35. The system of claim 34 wherein said means for 
executing a real-tune interrupt handler farther comprises: 

means for calling said real-time interrupt handler, 

means for enabling a scheduling lock to prevent said 

real-time scheduler from switching tasks; 
means for srhoriuling said real-time event with a virtual 

machine manager to process said real-time tasks in said 

VxD event mode; and 
means for processing rescheduling to cause all ready 

real-time tasks to be executed over lower priority idle 

task. 

36. The system of claim 34 wherein said means for 
entering VxD event mode further comprises: 

means for unlocking said scheduling lock; preempting 

said idle task; and 
means for executing said real-time tasks made ready by 

said VxD interrupt handler. 
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